A deep neck infection (DNI) is an infection, either cellulitis or abscess formation, located in the potential spaces and fascial planes of the neck. This includes Ludwig's angina which is strictly defined as the simultaneous bilateral involvement of the submental, sublingual and submylohyoid spaces 1 . Such infections may result in life-threatening airway complications including progressive swelling and obstruction of the upper airway. This may occur either prior to surgical drainage, during airway management or postoperatively. Achieving a secure airway is the most important immediate goal in these patients and represents a challenge to anaesthetists 2 . The best technique to manage patients with life-threatening airway obstruction remains controversial 3, 4 . The risk of airway obstruction remains following surgical drainage, due to possible inadequate drainage as well as the potential for increased swelling postoperatively, making the timing of extubation a difficult decision [5] [6] [7] .
Highlighting the risk of death due to airway obstruction is the recent number of coronial inquiries in Australia following the deaths of patients with DNI due to postoperative airway obstruction. It is difficult to identify those patients who are at greater risk of airway complications. Previous retrospective analyses have been done on patients with DNI. These have concentrated on the surgical management of these patients as well as all life-threatening complications rather than the specific airway complications 1, [8] [9] [10] [11] . The purpose of this retrospective study was to review the anaesthetic management of patients with DNI requiring surgical drainage and identify potential anaesthetic, surgical and patient factors that may be important in recognising patients at greater risk of airway complications.
MATERIALS AND METHODS
Following institutional ethics approval, the authors reviewed the medical notes of patients requiring surgical drainage, under general anaesthesia, of DNI admitted to Royal Perth Hospital over a sevenyear period (2000 to 2007). Patients were identified as those who were International Classification of Diseases-10-AM coded as "cellulitis and abscess of mouth" or "dental periapical abscess" requiring a surgical procedure under a general anaesthetic. These patients with infections limited only to the dental or buccal space were excluded from the study. A number of different patient, surgical and 
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Statistical analysis was performed using SPSS version 14.0 (SPSS Inc, Chicago, IL, uSA). Logistic regression was used to analyse possible predictive factors of airway complications. Data are presented as n (%), mean (SD), median [range] and odds ratio (95% confidence interval). All P values are twosided and P <0.05 was considered statistically significant.
RESuLTS
One hundred and twenty-nine suitable patients with DNI requiring surgical drainage under general anaesthetic were identified. The number performed per year has been increasing ( Figure 1 ). There were 79 males and 50 females and the mean (SD) age was 36.2 (15.3) years. Proportions of patients with presenting symptoms are shown in Table 1 . Anaesthetics performed in-hours (defined as Monday to Friday 0800 to 1800 hours) constituted 41.7%. An anaesthesia consultant was present in 52.8% of anaesthetics, including 69% of in-hours and 36% of out-of-hours cases. Thirteen (10%) patients returned to theatre for re-operations. In 71 (55%) cases, patients were admitted to the intensive care unit (ICu) postoperatively, of whom 64 (90.1%) were ventilated. Median length of stay in ICu was two (one to 25) days. Airway complications occurred in 20 (15.5%) patients including one (0.8%) death. These airway complications included awake tracheostomy (n=7), a failed primary airway method (n=8) ( Table 2) , reintubation postoperatively (n=4) and death secondary to airway obstruction (n=1). Airway complications were more likely if there was no consultant anaesthetist present (odds ratio 4.01 [confidence interval 1.20 to 13.46], P=0.02) ( Table 3 ).
DISCuSSION
DNIs are relatively common and are associated with significant morbidity and mortality. The incidence has increased by more than twofold over the seven-year period despite only an estimated 9.7% increase in the Western Australian population based on population Census reports 12 . It is not known why we have seen this increase or whether this is indeed a true increase or an increase in the correct coding of these patients. From our series of 129 patients requiring a general anaesthetic for surgical management of DNI, 15.5% experienced an airway complication with a mortality incidence of 0.8%. These results suggest that all such patients should be managed with caution.
We found no direct relationship between the type or the length of presenting symptoms patients presented with and their risk of potential airway complications. This may be attributed to the low numbers of patients analysed as well as the nature of a retrospective study with its reliance upon accurate documentation in patient notes. It may also represent the difficulties of using diverse symptoms to predict adverse outcomes in a complex disease. A prospective study would allow for more accurate and objective recording of symptoms as well as the possibility of grading them (e.g. trismus in terms of number of centimetres) which may lend itself to better correlation with airway complications. It is still probable that there would not be an easy predictor of potential airway complications and that each patient would need to be treated based on merit while maintaining a high index of suspicion.
Patients who present with signs of airway obstruction are a challenge and can develop complications relating to airway management. Our study demonstrated that those patients managed by anaesthesia registrars and not by more senior consultants have a higher risk of potential airway complications. The level of experience of the anaesthetist that affects both skill and decision making can explain this. Table 2 demonstrates poor clinical skills (i.e. inadequate local anaesthesia for awake fibreoptic intubation) as well as poor decisionmaking by registrars (i.e. a gaseous induction performed on a patient with no mouth-opening and direct laryngoscopy in a patient with a predicted difficult airway). Junior anaesthetists should not manage these cases on their own and should seek the support of senior colleagues.
Just over half the patients were admitted to the ICu postoperatively. This rate may be too low, as three patients in our series required reintubation and one patient died following extubation after an operation for a DNI. It is evident that there is a reasonable risk of an obstructed airway postoperatively due to the increased swelling or the potential for inadequate drainage by the surgeon. It is difficult to predict which patients require postoperative ventilation to allow airway swelling to reduce and thus prevent airway complications. Despite this, our high complication rate in those extubated postoperatively, as well as the fact that 10% of our patients required re-operation (mainly for further surgical drainage), suggest that most patients should at least be considered for postoperative ventilation in ICu.
In conclusion, the management of patients with DNI should include a high index of suspicion for airway obstruction perioperatively. Senior anaesthetic assistance should be sought and postoperative ventilation in ICu should be considered in all cases.
